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(54) Universal modem for digital video, audio and data communications 

(57) A universal modem hias a softwareH^onfigura- 
ble modulator/demodulator wfiich accommodates differ- 
em modulation formats sucfi as tfiose associcated with 
terrestrial, catile, pfione line, satellite and wireless com- 
munications to be transmitted and received througfi a 
single device in wfiidi tfie modem has reconfigurable 
logic to accommodate the format of tfie signals being 
received or transmitted. In one embodiment, tfie system 
tracks cfiannel noise and cfianges modulation format at 
botli the transmit and receive sides of the system 
through the use of a controller that controls both sides. 
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Description 

FIELD OF INVENTION 

[0001] This invention relates to modulators and 
demodulators and. more particularly, to a universal 
modem which is configurable to process one of a 
number of modulation formats. 

RAnKGROUND OF II^VENTION 

[0002] In recent years due to the rapid development of 
multimedia, digital, audio and video communication 
applications, there is a necessity for efficient and relia- 
ble signal modulation and demodulation techniques to 
accomodate different modidation formats chosen based 
on the media over which the signals are to be transmit- 
ted. 

[0003] For instance, with respect to high definition tel- 
evision, and in fact other types of advanced television 
transmissions, programm material in video, data or 
audio form is formatted by a channel encoder so to 
be transmittable by Vestigial Side Band nrodulation or 
VSB which is typical for over-the-air television transmis- 
sions. On the other hand. Quadrature Amplitude Modu- 
lation or QPM is typically used for cable transmission, 
whereas Quadrature Phase Shift Keying of QPSK is 
generally used in satellite communication. Finally, dis- 
crete multitone or DMT techniques are typically used for 
telephone landiine signaling such as with Asymmetric 
Digital Subscriber Lines or ADSL. 
[0004] It will be appreciated that when a video source 
at the transmit side is encoded through a source coding 
unit, the source coding unit is set up to code the video 
source material in one of the four above-mentioned 
modulation formats. Likewise, on the receive side, in 
order for a receiver to decode all of the above-men- 
tioned formats discrete VLSI chips or detectors can be 
provided in parallel, with the outputs going to source 
decoding. 

[0005] It will be readily apparent that because there Is 
presently no universal modulation format, receivers 
destined to t»e utilized not only for over-the-air transmis- 
sions, but also for cable must at least have the capcibility 
of decoding the appropriate modulation format. While it 
is possible to use a parallel brute force approach by 
merely providing the receive side with a series of 
demodulators each configured to demoulate a particu- 
lar format, this approach is costly and error-prone. 
[0006] As to the parallel approach mentioned above, 
it is possible to design a modem in which the input sig- 
nal is fed from the RF-IF stage of the receiver in parallel 
to each of four demodulators, with the output of each 
demodulator being switched to source decoding 
depending on the modulation format of the received sig- 
nal. Modulation format can be determined in some 
instances by the channel to which the receiver is tuned, 
although this can vary from country to country. 
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[0007] For instance, in the United States, for VHP 
channels 1-13 and UHF channels. VSB modulation is 
used, with the VSB denradulator switched to source 
decoding. For the cakAe channels, generally over Chan- 

5 nel 68, QAM modulation is used, with the output of the 
QAM demodulator switched to source decoding. For 
satenite channels, QPSK nrodulation is used, with the 
QPSK demodulator switohed to source decoding, 
whereas for telephone line usage, assuming a channel 

10 indicating landiine transmission, it is the DMT output of 
a demodulator which is switched to source decoding. 
[0008] This duplication of demodulators aside from 
being four times the expense of a single demodulator, 
also has the following problems: First and foremost, it 

15 will be appreciated that in order to switch the outputs of 
the various demodulators to source decoding, the out- 
put of the demodulators must have a high impendance 
to damp switching transients and like anomalies. Sec- 
ondly, care must be taken to eliminate cross modulation 

so between the different demodulators. 

[0009] It will thus be appreciated that any parallel 
processing solution to the problem of multir^e modula- 
tion formats generally resolves itseK into a question of 
the cost associated with dipllcating demodulators and 

25 technical complexity wftich Is Indeed a factor in mass 
marketed multimedia receivers for which such denradu- 
lator cost duplication and complexity is unacceptatjie. 
[001 0] On the transmit side, for multimedia transmis- 
sion requiring different modulation formats, duplicating 

30 modulators are likewise expensive and enror-prone in 
much the same way as described above with respect to 
demodulators. Also, with specialty services such as 
date to be provided on different channels, oftentimes 
the modulation format is different from that of the main 

35 transmission. To provide such additional services ordi- 
narily would require separate modulators having the 
expected cost impact. 

IMMARY OF THF INVENTION 

40 

[001 1 1 Rather than multiplying the number of denxxJ- 
ulators and nrxxjulators to be able to demodulate the dif- 
fering modulation formats and to provide for differing 
modulation formats, in the subject invention, a universal 

45 modem is provided which is t>ased on reconfigurable 
logic for its demodulator as well as Its modulator. In a 
preferred embodiment, a controller is used to control the 
modulatfon type on both the transmit and receive side 
with means provided to sense channel noise and 

50 change the modulation type accordingly. 

[(mi 2] In one embodiment, a host computer at the 
receive side detects the mockjiation type and reconfig- 
ures the demodulator in universal modem to dennoulate 
the format of the incoming signal. 

55 [001 3] In this emtxxliment in the receive mode, a host 
computer detects the modulation type of the incoming 
signal by detecting the channel to which the receiver is 
tuned and setting the demodulator to the expected for- 
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mat. Thus if the receiver is tuned to a given channel, 
then the universal modem is reconfigured to the 
expected format of signals on thert channel. This is done 
on an a priori basis since different groups of channels 
have different standardized formats. 5 
[001 4] Alternatively, the host computer can detect the 
format of the incoming signal by detecting a flag in the 
header of the incoming data stream indicating modula- 
tion type, assuming one is loaded into the header at the 
transmit side. This type of demodulation selection does 10 
not require a priori knowledge of the correlation of chan- 
nel with modulation type. As will be appreciated, in dif- 
ferent countries different channels are assigned to 
different types of service which makes this alternative 
method of ascertaining the channel modulation type is 
attractive. The above, of course, requires that a modula- 
tion type flag be generated in the source coding at the 
transmit side. 

[0015] In one exampel of the use of the universal 
modem in the ATV or advanced television transmission 20 
mode, assume that video data is to be transmitted in the 
MPEG format, where MPEG stands for Motion Picture 
Expert Group and where one utilizes the MPEG-2 for- 
mat currently in vogue. Video information is source 
coded in MPEG in which 188 bytes of information are 2S 
transmitted as a packet. Channel coding which defines 
the modulation format is imposed on top of the source 
coding to provide error correction which adds typically 
20 more bytes of information to the data stream. 
[0016] After the video information has been source 30 
coded and channel coded by the software-configurable 
modulator for a given format, it is ready for transmission. 
Note that prior to the transmission of the data, a header, 
e.g. a 3-bit header word: 000=VSB, 001=QAM, 
010=DMT ect., can be inserted into the channel coding 35 
so as to provide an indication of the modulation type. 
[001 7] While the above has been described in terms 
of standarized formats for ten^estrial, cable, satellite or 
telephone communications, the universal modem is 
also applicable to such diverse areas as cellular. PCS 40 
and other wireless services to provide automatic recon- 
figuring of a transceiver to permit its use across different 
formats. This is especially useful with celMar phone for- 
mats CDPD; CDMA, TDMA, FDMA and GSM referring 
respectively to cellular digital packet data, code division 45 
multiplexing, time-division multiplexing, frequency-divi- 
sion multiplexing, and the global nx>bile system type of 
modulation. While a cellular phone m^ be provided in 
one community for use vnth CDMA, when the phone 
roams to an area where TDMA transmissions are uti- so 
lized, a universal modem within the phone can detect 
the change and reconfigure the demodulator side of the 
modem. Likewise, since the cellular system is a full 
duplex system, the universal modem can be reconfig- 
ured in the transmit mode to appropriately format the 55 
cellular transmission. It will of course be appreciated 
that the universal modem can be used with any type of 
RF transceiver roanning from one area to another where 



different formats are used, regardless of the type of 
service that is authorized. 

[0018] Further, the universal modem is applicable to 
any kind of digital modulation method. For instance, it 
can be applied to digital terrestrial broadcasting utilizing 
the OFDM or Orthogonal Frequency Division Multiplex- 
ing method scheduled for use in Europe Japan and/or 
other countries. 

[0019] In one embodiment, the demodulation section 
of the rrmdem, involves an analog-to-digital converter to 
provide a digital bit stream to a demodulator which is 
software-reconfigured in accordance with the out-put of 
a configuration FIAM. In this embodiment, circuit blocks, 
elements or modules within the demodulator are linked 
up to provide a particular type of carrier recovery in 
accordance with the output of the configuration RAM. In 
another emtxxfiment, the demodulator is layered, with 
each layer containing a different carrier recovery circuit. 
The configuration RAM can call for a given type of 
demodulation merely by activating one of the layers. 
This means that in any event, the configuration of the 
demodulator can be fixed by providing it with blocks, 
elements or modules that are connected in a particular 
way on the fly in response to the output of a configura- 
tion RAM under the control of a configuration controller. 
In a further embodiment, the software-configurable 
demodulator can be implemented in software using a 
general purpose microprocessor. Note that the above 
software reconfiguration techniques utilized for the 
demodulator can likewise be used tor a software-config- 
urable modulator. 

[0020] For over-the-air and cable signals requiring 
equalization, the output of the configuration RAM may 
also be utilized to reconfigure an equalizer coupled to 
the output of the demodulator. Alternatively, when no 
follow-on signal processing is required, the only element 
that is to be reconfigured is the demodulator. It will be 
noted that equalizers are in general used to correct 
intersymbol interference, whereas in television applica- 
tion, equalizers are used to cancel ghost images. 
[0021 ] As to setting of the universal modem fbr modu- 
lation type or format as mentioned before, flags can be 
used on the transmission which are detected at the 
receive side. AJternatively, the channel to which the 
receiver is tuned can be detected. Moreover, a smart 
card or other similar device can be used to set the mod- 
ulation type or format at the receive side. An additional 
way of detecting modulation type is to demodulate an 
incoming data stream using all possible formats, detect- 
ing the en^or and setting the demodulator to the modula- 
tion type fiaving the lowest error. 

[0022] In summary, a universal modem has a soft- 
ware-configurable modulator/demodulator which 
accommodates different rrKxlulation formates such as 
those associated witii terrestrial, cable, phone line, sat- 
ellite and wireless communications to be ti-ansmitted 
and received through a single device in which the 
modem has reconfigurable logic to accommodate the 
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format of the signals being received or transmitted. 
[0023] in one embodiment, the system tracks channel 
noise and changes modulation format at both the trans- 
mit and receive sides of the system through the use of a 
controller ttiat controls both sides. 5 
[0024] Note that the modulator or demodulator can be 
used separately or the two units can be combined and 
used for transceivers, vwith either the same software 
configuring both the modulator and demodulator, or with 
different software used for the two units. In the receive w 
nrade, the universal modem detects the modulation for- 
mat of the incoming signal and reconfigures the logic of 
this software-configurable demodulator to output 
demodulated digital data for further processing. In the 
transmit mode, information to be transmitted is provided i5 
with the appropriate modulation format by setting a soft- 
ware-configurable modulator in the universal modem to 
the particular format 

[0025] In one embodimerrt. in the receive mode the 
incoming signal is A-D converted, with a host processor 20 
utilized to detect the type of modulation associated with 
the incoming signal and through a configuration control- 
ler configures a random access memory which is cou- 
pled to the software-configurable demodulator. In 
advanced tetevision applications, the demodulated sig- 25 
nai is passed through an equalizer, a Trellis Decoder 
and Reed-Solomon Decoder to provide an appropriate 
filtered and level-adjusted digital signal that is coupled 
to the next processing stage. 

30 

BRIEF DESCR IPTION OF THE DRAWINGS 

[0026] These and other features of the subject inven- 
tion will be better understood taken in corijunction with 
the Detailed Description in conjunction with the Draw- 35 
ings of which: 

Rgure 1 is a block diagram of the transmit side of a 
modem indicating the utilization of multiple discrete 
modulators: 

Figure 2 is a block diagram of the receive side of the 
modem of Figure 1 indicating the utilization of mul- 
tiple demodulators coupled to source decoding, in 
which the demodulator corresponding to the format 
of the input signal is switched to source decoding; *s 
Rgure 3 is a tjlock diagram of the receive side of the 
subject universal modem indicating multiple inputs 
of differing formats, with the universal modem 
detecting which format the incoming signal pos- 
sesses and then internally reconfiguring itself; so 
Rgure 4 is a block diagram of the transmit side tor 
the sutjject universal modem in which the universal 
modem is utilized to encode signals in accordance 
with the intended modulation mode of the signal; 
Rgure 5A Is a fcrfock diagram of one embodiment of ss 
the receive side of the subject universal modem 
indicating the utilization of a configuration control- 
ler, configuration RAM and a configurable demodu- 
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lator in combination with an equalizer, a Trellis 
Decoder, and an R-S Decoder; 
Figure 5B is a block diagram of one embodiment of 
the transmit side of the subject universal modem 
indicating the use of a configuration controller cou- 
pled to a configuration RAM in which the modula- 
tion format is set in accordance with the desired 
transmit channel; 

Figure 6 is a diagrammatic representation of the 
configurable demodulator of Figure 5A; 
Figure 7 is a schematic diagram of a typical squar- 
ing/phase locked loop carrier recovery system to 
which the denwdulator of Figure 5A can he config- 
ured; 

Figure 8 is a schematic diagram of a typical Costas 
loop carrier recovery system to which the demodu- 
lator of Figure 5A can be configured; 
Rgure 9 is an algorithm for the demodulation of 
QPSK/QAM which can be broken into elements 
and used for the demodulator of Figure 5A: 
Rgure 1 0 is a t>lock diagram of a smart card system 
for setting the software configurable logic unit of the 
demodulator of Figure 3; 

Rgure 1 1 is a block diagram of a system for detect- 
ing nrKxlulaton types tiased on an error signal 
which is the result of demodulating all possible 
modulation types; 

Rgure 12 Is a block diagram showing a controller 
tor controlling modulation at both the transmit and 
receive sides of the system; 
Rgure 13 is a block diagram of the universal 
modem of Rgure 10 indicating a 1394 bus struc- 
ture, a separation circuit and a number of memo- 

Rgure 14 is a table sfxjwing the correspondence of 
channel number to modulation stored in one of the 
memories of the universal modem in Figure 10; 
Figure 15 is a table showing the con'espondence of 
channel to frequency stored in one of the memories 
tor the universal modem in Figure 13; 
Rgure 1 6 is a block diagram of a TDMA modulation 
circuit for use in the universal modem of Figure 13; 
Rgure 1 7 is a block diagram of a CDMA modutatfon 
circuit for use in the universal nradem of Figure 13; 
Rgure 18 is a tattle showing a CDMA signal and 
data format; 

Rgure 19 is a block diagram of another embodi- 
ment of the universal modem of Figure 13 in which 
there is no carrier and timing recovery: and, 
Rgure 20 is a table con-elating channel, format, fre- 
quency and bandwidth for a third memory of the 
universal modem of Figure 19. 

DETAILED DESCRIPTION 

[0027] As mentioned above, the rapid deployment of 
multimedia, digital, aucfio and visual communication 
applications calls for efficient and reliable signal modu- 
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lation and demodulation methods. As illustrated In Fig- 
ures 1 and 2. signals transmitted via different media are 
modulated and demodulated differently. For instance, 
on the transmit side, source coding 10 takes video con- 
tent from a video source 12 and encodes it into bit 
streams, whereupon the output of source coding unit 10 
is applied in parallel to modulators 14, 16, 18 and 20 
respectively VSB, QAM, QPSK and DMT modulators. 
The formats for VSB, QAM and QPSK modulation tech- 
niques are descritjed in K. Blair Benson, Television 
Engineering Handbook, Revised Edition, MCQraw-Hill, 
1992. The format for DMT is described in Bellcore, 
Framework Generic Requirements for Asymmetric Digi- 
tial Subscriber Unes. FA-NWr-001397. Na 1. Decem- 
ber, 1992 and in "Notice to the Industry: ADSL 
Equipment", Bellcore Digest of Technical Information, 
June, 1993, p. 40. 

[0028] The decision as to which modulation technique 
is to be utilized in, for instance, terrestrial over-the-air 
signaling or cable signaling, is founded in both political 
and technical considerations. Historically, VSB was the 
format originally used to transmit over-the-air video sig- 
nals. In the e^ly days of television. Vestigal Side Band 
Modulation was deemed to be most efficient modulation 
method, whereas, with respect to cable. Quadrature 
Amplitude Modulation gave superior performance. 
Regardless of the modulation format, there exist numer- 
ous modulation schemes which must be accommo- 
dated by a universal modem. 

[0029] On the receive side, as illustrated in Figure 2. 
in a parallel processing scheme an incoming signal is 
down converted by RF-IF converters, here illustrated by 
reference characters 22, 24, 26 and 28. coupled to 
respective demodulators 32, 34 and 36. For ATV receiv- 
ers, the VSB and QAM modulators are availatde from 
major television manufacturers, as well as being under 
development in a joint development program between 
Mitsubishi Electronics America and Lucent Technolo- 
gies, Inc. QPSK demodulators are available from Philips 
Semiconductors, Part No. TDA8040T, among others. 
DMT-based ADSL equipment is described in "Notice to 
the Industry: ADSL Equipment", Bellcore Digest of 
Technical Information, June. 1993. p. 40. As mentioned 
hereinbefore, the outputs of these demodulators are 
switched to a source decoding unit 38, such as the Mit- 
subishis MH-1000D. 

[0030] The problem associated with multiple formats 
is that the nun4>er of modulation schemes now contem- 
plated for use and in the future, are multiplying. Pres- 
ently, there is no way of ascertaining which modulation 
schemes will dominate It is therefore incumbent on the 
manufacturer of transceivers to be able to accomodate 
as many modulation schemes as possit}le with a mini- 
mum amount of hardware. 

[0031] Referring now to Figure 3 in the subject system 
on the receive side, a universal modem 40 which is soft- 
ware-reconf igurable has an irput either a tenestrial sig- 
nal 42, a cable signal 44, a sateNite signal 46 or a 



landline signal 48, each with its own unique modulation 
format. Here the signals are coupled to respective RF- 
IF converters, 50.52, 54 and 56. The output of the uni- 
versal modulator is in turn coupled to conventional 

5 source decoding 58. 

[0032] As will be discussed in Rgure 5A, the universal 
modem is reconfigurable depending either on the chan- 
nel to which the receiver is turned, or on detection of for- 
mat flags. The universal modem is thus provided with 

10 configuration control signals derived either through a 
priori knowledge of the modulation type associated with 
a channel or actual detection of format flags. 
[0033] Referring now to Figure 4. on the transmit side 
of the universal modem, source coding 60 is coupled to 

15 universal modem 40 which in turn configures the modu- 
lator in the modem to output b'rt streams having the 
required nxxfulation format dependent on the media, 
namely terrestrial 42, cable, 44. satellite 46 and landline 
48. Here, the nxxlulator is software-configurable, which 

20 eliminates the requirement for a plurality of modulators. 
It will thus be appreciated that modem 40 reformats the 
program material or video source from source coding 60 
so as to put the material into a modulation format which 
is compatible with the particular medium over which the 

25 infomnation is to be transmitted. In general, modem 40 
performs function of channel coding, with the channel 
dictating the particular modulation format. As can be 
seen, the output of modem 40 is provided to that IF-RF 
converter 62, 64, 66 and 68 required for the associated 

30 media. 

[0034] There are several advantages of having a soft- 
ware reconfigurable modulator: 
[0035] First, when used in multimedia applications, 
the role of the universal modem is of a network interface 

35 module. In addition to having the capability of receiving 
from multiple transmission media applying different 
modulations. It allows the user to send signals, such as 
request for data or audio/video services, via different 
return channels having different modulation platforms. 

40 This not only increeses the flexibility and mobility of the 
device, it also benefits the optimization of return chan- 
nel bandwidth and utilization efficiency. 
[0036] Secondly, when used in broadcast services, 
the universal modem provides a low cost modulation 

45 platform which can be changed under software control 
from one nrKXiulation format to another. This benefits 
regional stations which typically have a small number of 
channels to provide sen/ice with, txrt obtain their pro- 
grams from more than one service provider and network 

50 involving multiple nv)dulation types. 

[0037] Thirdly, the advantages for PCS refened to 
hereinabove include the ability to instantly switch from 
one format to another when roaming, depending on the 
area the cell phone is in, thus to switch from TDMA to 

55 CDMA and vice versa as an example. Note that the 
CDMA system is described in U.S. Patent 5.103,459 
entitled SYSTEM AND METHOD FOR GENERATING 
SIGNAL WAVE FORMS IN A CDMA CELLULAR TELE- 
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PHONE SYSTEM. 

[0038] Referring now to Figure 5A, in one embodi- 
nnent, the receive side of the universal modem includes 
an input 70 from tuner 71 which is coupled to a front end 
72 whose primary purpose is level adjustment, amplrfi- 5 
cation and filtering of the incoming signals from the 
tuner. Note that the tuner is set to a given channel by 
channel select 73. The output of front end 72 Is coupled 
to A-D converter ffi. and thence to software-configura- 
ble demodulator 84. Additionally, in one embodiment, io 
the header of the input signal is stripped off and pro- 
vided to a host processor 74 which determines from 
flags in the header the modulation format type. Alterna- 
tively, the host processor can determine the modulation 
format through channel input 76 from the channel select is 
73. In either event, the output of the host processor 
specifies the modulation format to a configuration con- 
troller 78. the purpose of which is to select from a con- 
figuration RAN/I 80 the appropriate demodulation nrKxje 
to be downloaded to demodulator 84. so 
[0039] In one embodiment, demodulator 84 is pro- 
vided with an array of gates, arithmetic logic units or 
ALUs, registers and other circuit blocks, elements or 
nrodules which can be connected together to provide a 
circuit to recover the associated carrier. In a preferred ss 
en*)odiment. at a higher level, the demodulator is con- 
figured in layers, with each layer containing gates and 
logic as well as filtering to provide a circuit specially tai- 
Iwed for carrier recovery of a different modulation for- 
mat type. The configuration RAM therefore merely 30 
selects which of the layers is to be activated, thereby, 
taking advantage of the embedded logic in each of the 
layers. 

[0040] In a VLSI realization of the universal modem, 
the universal modem hardware is realized in a VLSI 35 
chip, using the logic implemented with DRAM technol- 
ogy and hardware-software codesign. In one entxxii- 
ment, the communication between the configuration 
control an the host processor is provided by an I^C bus. 
The configuration RAM can be implemented with either 4o 
DRAM- or SDRAM technology, with the latter ensuring 
faster execution, which is desirable if the amount of data 
to be stored is very large. 

[0041] Put another way. the building blocks, elements 
or nKxlules within the demodulator are quite similar 45 
across the entire spectrum of modulation formats. This 
being the case, these blocks, elements or modules are 
capable of being connected together in a different man- 
ner for each of the modulation types. Thus, the configu- 
ration RAM 80 instructs demodulator 84 as to how it Is so 
to be reconfigured for the particular modulation type. 
[0042] As mentioned hereintiefore. for over-the-air 
applications, the output of demodulator 84 is coupled to 
an equalizer 86 vytiich, in one application, is utilized for 
ghost cancellation or to reject inter-symbol interference, ss 
The output of equalizer 86 is coupled to a Trellis 
Decoder, the purpose of which is to eliminate errors in 
the bit level of the incoming sigrial. whereas a Reed- 



Solomon Decoder 90 is utilized to remove byte level 
en-ors. The output of decoder 90 is coupled to I/O 92 
which forms the output of the demodulation section of 
the subject universal modem. 

[0043] Referring now to Figure 5B. on the transmit 
side, the universal nrodem. in one embodiment, has an 
input 71 coupled to an I/O stage 73. which is in turn cou- 
pled to an R-S encoder 75. This encoder is in turn cou- 
pled to a Trellis encoder 77 which is then coupled to a 
software-configurable modulator 79. The output of mod- 
ulator 79 is coupled to a digital-to-analog converter 81 
and thence to an UP converter 83 under the control of a 
channel select unit 75. The channel assigned to the 
transmitted signal is selected and the output of O/A con- 
verter 81 is upconverted to the appropriate carrier fre- 
quency. 

[0044] As mentioned before, the modulation type or 
format is corrrelatatjle to the transmit channel. The soft- 
ware-configurable modulator is set in accordance with 
the selected ctiannel by use of a host processor 87 
which reads out channel select 85. Host processor 87 
outputs the channel to a configuration controller 89 
which drives a configuration RAM 91 to configure mod- 
ulator 79 to the appropriate format. (Configuration RAM 
91 also sets Trellis encoder 77 to the appropriate chan- 
nel. 

[0045] In this way. the modulation section of the uni- 
versal modem is software-configurable to a predeter- 
mined format, in one instance, correlated to the transmit 
channel. The software-configurable modulator is then 
quite f lexitrfe. 

[0046] Refen-ing now to Figure 6. demodulator 84 typ- 
ically includes blocks, elements or modules such as 
arithmetic logic unit 94, a number of registers 96, at 
least on First-In-First-Out or FIFO memory 98. multi- 
plexers 99. one or more finite impulse response filters 
100, and one or more infinite impulse response filters 
101 as well as numerous gates 102, 104 and 105 which 
may be NOR gates. AND gates, OR gates or any of the 
typical logic level devices. 

[0047] It is the purpose of the demodulator to extract 
carrier and timing information. How this is acconplished 
is in major part due to the particular type of finite 
impulse response filter employed. The combination of 
ALU registers, FIFO's multiplexers, and gates as well as 
finite impulse response and infinite impulse response fil- 
ters is that which successfuUy demodulates the signal, 
with interconnection of these devices being under the 
corrtrol of configuration RAM 80 of Figure 5. 
[0048] Referring now to Figure 7, a typical squaring 
loop carrier recovery system is illustrated in which the 
functions performed by the low pass filter and the volt- 
age control oscillator as well as the divide-by-two circuit, 
the mixer and the squaring circuit can be replicated in a 
single reconf iguraWe chip so that all of these blocks can 
be connected together on the fly 
[0049] Referring now to Figure 8, likewise in Costas 
loop carrier recovery, the phase shifter, kwv pass filter. 
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VCO, loop filter as well as the mixer elements are avail- 
able as blocks in the demcxlulator which, when con- 
nected as illustrated, provides for the carrier recovery 
functions. Note, this drcuit is a typical Costas loop 
device for tracking the phase of a double-sided sur- 
pressed-canrler signal which is equivalent to the 
squarer/Phase Lock Loop System of Figure 7. 
[0050] Referring now to Figure 9. this drawing stows 
an emtiodiment of the denrKxJuiation algorithm for 
demodulator 84 of Figure 5A for derrxxlulating 
QPSK/QAM signals. It will be appreciated that this algo- 
rithm can be txoken down into elements of blocks which 
form demodulator 84 in Figure 5A. However, this algo- 
rithm can also be implemented In software such that the 
demodulator is software-configurable. Moreover, equal- 
izer 86, Trellis decoder 86 and R-S decoder 90 can be 
implemented in software and appropriately configured. 
Note that an advantage of the software implementation 
is flexibility. 

[0051 ] As to further systems for setting demodulation 
type or format, and referring now to Figure .10. it is pos- 
sible to corrfigure universal modulator 40 utilizing a so- 
called "smart card' 120 and a card reader 122. In this 
embodiment, the card has a priori knowledge of the 
modulator type or format expected and is used to set 
the software-conf igurat)le logic in the modem. This elim- 
inates the necessity of detecting modulation type or for- 
mat while at the same time offering a trilling function, 
since the use of the smart card and its embedded infor- 
mation can be detected. 

[0052] Refenring now to Figure 11 . it is also possible 
to detect modulation type or format through initially 
demodulating all modulation types, detecting the error 
at MPU 124 and using a corrfiguration database 126 to 
change the software-configuratjle logic to that modula- 
tion type or format having the lowest error. Note that ini- 
tial multiple modulation type demodulation can be in 
parallel or serial. 

[0053] Referring now to Figure 12, a technique for 
detection of nmdulation types by the receiver involving 
the control of both the transmit side and the receive side 
and the use of nmdulation flags is presented. As can be 
seen, there is a transmit side 200 and a receive side 
202, each having respective universal modems 204 and 
206. A controller 208 is used to control universal 
modems 204 and 206 to set modulation type as illus- 
trated at 210-220. Signals with the indicated modulation 
type are coupled to respective IF-RF stages 222. Note 
that a video source 224 is coupled to source coding 226 
which is coupled to universal modem 204 to provide 
source material for transmission. 
[0054] On the receive side. IF-RF stages 228 receive 
the transmission, with the received signals having for- 
mats 210-220. These signals are coupled to universal 
modem 206. with the decoded output placed on a bus 
230, in one emtxxjiment a 1394 bus. 
[0055] Referring now to Figure 1 3. the universal mod- 
ulation of Rgure 12 is one embodiment contains a sep- 
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aration circuit 232 coupled to modulation circuit 234 and 
a host processor 236. A Memory Circuit #1. memory 
238. is coupled to host processor 236 over modulation 
signal line 240 and channel line 242 to provide, channel, 

5 format and frequency bandwidth. Host processor 236 
provides channel information to Memory Circuit #2. 
memory 244 and format information to controller 246 
and RAM 248. Memory Circuit #2 is coupled to control- 
ler 246 and RAM 248 to provide channel information, 

JO with RAM 248 providing a program to demodulator 250 
coupled to modulation circuit 234, the output of which is 
tiuffered at 252 and outputted at 256. 
[0056] In operation, w^hen used in receivers, the uni- 
versal modem needs to first detect the modulation type 

/5 used by the incoming signals so that it can correctly 
choose the corresponding demodulator configurations. 
In one embodiment, this is done by adding modulation 
flag bits to the beginning of the transmitted data stream. 
Note that 3 bits allows up to 8 different modulation 

20 types. In what follows these t>its are designated as mod- 
ulation header words. 

[0057] In one emtxxliment, the header is always mod- 
ulated using QPSK, and it is repeated periodically dur- 
ing the transmission of the data signal. Therefore, it is 

25 always possible for a receiver to properly demodulate 
the header. As will be appreciated, this design requires 
that the above mentioned receiver configures into a 
QPSK demodulation mode upon power up and recon- 
figures itself, if necessary, after successful detection of 

30 the header word. 

[0058] In order to establish reliable communication, in 
one emtxxjiment the reconfigurable nature of the uni- 
versal modem has the potential of improving reliability 
of communications by switching to a different modulator 

35 type when a predetermined noise level is detected. This 
is achieved in the following way When two devices, both 
employing universal modems, communicate with each 
other, it is possib)le to switch to modulation type in 
response to the detection of deterioration of communi- 

40 cations. This is accomplished in one embodiment with a 
channel noise detector 258 coupled to controller 208 
that detects noise on the channel. Controller 208 then 
specifies the appropriate modulation format, frequency 
and bandwidth to provide more reliable communication 

45 over the channel. 

[0059] In the above described embodiment, the uni- 
versal modem covers VSB. QAM, QPSK. DMT, COMA 
and TDMA modulations and indudee the 1394 bus 230 
to provide a fast protocol for video data communications 

50 and a frame of signals in the aforementioned CDMA for- 
mat. 

[0060] More specifically, predetermining the modula- 
tion type for each channel between a transmitter and a 
receiver, a controller such as controller 208 controls the 
55 modulation type of universal modem 204 or 206 at txith 
the transmitter and the receiver sides. 
[0061 ] Specifically, as can be seen in Figure 1 2, each 
modulation type is predetermined between each trans- 
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mitter and receiver. For example, VSB for Channel 1. 
QAM for Channel 2, QSPK for Channel 3, DMT for 
Channel 4, CDMA for Channel 5 and TDM A for Channel 
6. 

[0062] Universal modem 204 at the transmitter side 
inputs a modulation request signal over line 260 and 
data signal over line 262 such as voice or image output- 
ted from source coding 226. For example, the modula- 
tion request signal and data signal are transmitted as a 
frame such when they are transmitted to universal 
modem 204 through 1394 bus 230. 
[0063] First, as to the transmitting side and referring 
now to Rgure 2. a detailed circuit of UM40 in the trans- 
mitter is shown which generates a frame signal from 
Source coding 60. 

[0064] As can be seen from Figure 1 3, in one embod- 
iment the frame signal is divided into a nxxiulation 
request signal and a data signal by separation circuit 
232. The data signal is oulputted to modulation circuit 
234. On the other hand, the modulation request signal is 
outputted to host processor 236. Processor 236 
accesses a Memory Circuit #1 after receiving the mod- 
ulation request signal. Memory Circuit #1 has the infor- 
mation reflecting the modulation form for each Channel 
as illustrated in Figure 14. such as VSB for Channel 1 1 . 
QAM for Channel 12. QSPK for channel 13. DMT for 
Channel 14 and TDM A for Channel 16. 
[0065] Controller 208 can change the information con- 
tained in Memory Circuit #1 freely, and gives the same 
order to the receiver. For example, controller 208 can 
increase channels, with inaeasing of modulation forms, 
or it can also change the number of a ntKXiulation form. 
In other words, controller 208 changes the contents of 
at least one memory, e.g.. Memory Orcuit #1. Memory 
Circuit #2 or any other Memory Circuit such as those 
associates with the receive side, it must change all of 
those menrories. To accomplish tfiis. processor 236 out- 
puts a modulation format to controller 246. The fre- 
quency and the bandwidth for each channel are 
memorized in advance, as shown in Figure 15. Note, 
one can change the content of all memories in accord- 
ance with the output from controller 208. When control- 
ler 208 changes, it also conveys these changes to the 
memory in universal modem 206 of the receiver. For 
exanple. the frequency can be established to be 25 
MHz and the bandwidth 10 Khz. with CDMA being the 
modulation type. 

[0066] Note that controller 246 transmits a modulation 
format to RAM 248. RAM 248 has a program to config- 
ure modulation circuit 234 for every modulation form, 
e.g.. VSB. QAM, QPSK. DMT CDMA. TDMA, or other 
modulation type. Receiving the format, controller 246 
calls the program for the modulation circuit for the par- 
ticular modulation format selected and outputs this for- 
mat to DEMOD unit 250. Also. RAM 240 configures a 
modulation logic circuit in demodulator 250 according to 
the modulation frequency information and the program. 
The nwdulation logic circuit above is then coupled to a 



nxxiulation circuit 234/. 

[0067] A typical TDMA modulation logic circuit 270 is 

shown in Figure 16 as an example. 

[0068] Circuit 270 modulates an input data signal 272 

5 divided by the separation associated with the modula- 
tion logic circuit of DEMOD unit 250 and the modulation 
frequency information from Memory Circuit #2. This is 
accomplished by coupOng the input data signal to two 
f nter circuits 274 and 276 respectively. The outputs of f il- 

10 ters 274 and 276 are mixed at 278 and 280 respectively 
with a phase shifted signal from phase shifter 284. with 
the mixer circuit outputs added at adder 286. 
[0069] A typical CDMA modulation circuit is shown in 
Figure 17 as an example. 

15 [0070] Here, it can be seen that a CDMA circuit 288 
includes a Walsh encoder 289 coupled to an NOR gate 
290 having its other input coupled to a pseudo noise or 
PN generator 291 having an output Pnu coupled to NOR 
gate 290 and a mobile unit address 292 is coupled. The 

so output of NOR gate 290 is coupled in parallel to NOR 
gates 293 and 294 having their other inputs coupled 
respectively to pseudo noise or PN generator 295 and 
296. 

[0071] A signal 297 from USER digital toseband is 
25 coupled to an encoder 298 to an interleaver 299 cou- 
pled to Walsh encoder 289. 

[0072] A signal of CDMA form is shown in Figure 1 8 

as an example of a framed signal. 

[0073] As to the receive side, the signals from the 

30 modulator of the transmitting side are inputted to the 
receiving side. The receiver side detects the type of 
modulation and configures the demodulating logic cir- 
cuit and outputs this for further processing. 
[0074] The demodulating is done with universal 

35 modem 206 in the receiver. The structure of universal 
modem 206 is shown in Figure 19. with the operation 
thereof explained hereinafter. 

[0075] As shown, an input signal 300 is coupled to a 
tuner 302. Tuner 302 couples input signal 300 to a 

40 FRONTEND unit 304. The functions of the FROIMTEND 
unit are level adjustment, amplification, filtering and A/D 
conversion of the incoming signals from the tuner. The 
detaDed description of the function of FRONTEND unit 
304 is conventional and is therefore omitted. 

45 [0076] Tuner 302 is connected to a channel select ur^t 
306. The channel select is for adjusting the tuner to the 
desired frequency. In this embodiment, tuner 302 
changes the frequency in the fixed interval according to 
the singals selected from 6 channels, with the interval 

50 being set in accordance with the bandwidth associated 
with six channels. When tuner 302 capture the channel 
of incoming signals 300. the changing of the frequency 
is stopped and the frequency of the captured incoming 
signal is coupled to host processor 308. Channel select 

55 unit 306 inputs the frequency information stored in 
Memory Circuit #2 which is similar to Memory Circuit 
#2. 244 of Figure 13. The tuner searches the range of 
the frecMency. Note that the content of Memory Circuit 
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#2 in the receiver is the same as the content of Memory 
2 in the transmitter. The content of Memory Circuit #2 in 
the receiver is changeable by controller 208/. 
[00771 With host processor 208 being connected to 
the Memory Circuit #3, here illustrated at 310, the con- 
tents of Memory Circuit #3 in the receiver are changea- 
ble and are under the control of controller 208. Host 
processor 308 detects ttie demodulation type corre- 
sponding to the channel from the channel select 306. 
with the demodulation format being coupled to a config- 
uration controller 312. Cortfiguration controller 312 
access memory Circuit #3 to obtain the frequency and 
the bandwidth, with the demodulation type, the fre- 
quency and the bandwidth subsequently coupled to 
RAM 314. 

[0078] The content of Memory Circuit #3 is shown in 
Figure 20. with the content of Memory Circuit #3 in the 
receiver being changeable by the controller. 
[0079] RAM 31 4 stores a different kind of program for 
a modulation logic circuit in DEMOO unit 316 corre- 
sponding to the demodulation format, for example. VSB. 
QAM, QPSK, DMT. CDMA, and TDMA. The program for 
the modulation logic circuit is extracted from the RAM 
314 and outputted to the DEMOD. DEMOD unit 316 
constructs the demodulation logic circuit based on both 
the frequency information and the program. The con- 
structed demodulation circuit 31 8, the output of which is 
coupled to buffer 320 and thence to output circuit 232. 
[0080] Having now described a few embodiments of 
the invention, and some nx>difications and variations 
thereto, it should be apparent to those skilled in the art 
that the foregoing is merely illustrative and not limiting, 
having been presented by the way of example only. 
Numerous modifications and other embodiments are 
within the scope of one of ordinary skill in the art and 
are contemplated as falling within the scope of the 
invention as limited only by the appended daims and 
equivalents thereto. 

Claims 

1 . In a network communications system in which infor- 
mation is transmitted from a send side to a receive 
side over a communications channel, apparatus for 
improving system performance including means for 
sensing a channel parameter and for changing the 
modulation format of the transmitted information 
responsive thereto. 

2. The apparatus of Claim 1. wherein said means 
includes a universal modem at each of said sides, 
each universal modem providing different modula- 
tion formats for use in the modulation and demodu- 
lation of a signal, the universal modem at the 
transmit side induding a modulator and the univer- 
sal modem at the receive side including a demodu- 
lator, said modulator and demodulator each having 
software-configurat>le logic means for respectively 



providing modulation and denKxiulation of a signal, 

means tor generating as an output configura- 
tion instructions tor said software-configurafcile 

5 logic means: 

means for coupling said output to said software 
configurable logic means to configure said 
nKxjems for the modulation format specified by 
said configuration instructions: 

10 means coupled to said channel for detecting 

said parameter: and, 

means responsive to the detecting of said 
parameter for causing said instruction generat- 
ing means to change the modulation format 
IS generated by the universal modem at said send 

side and the denxxiulation format of the univer- 
sal modem at said receive side to a predeter- 
mined format 

20 3. The apparatus of Claim 2. wherein said detected 
parameter is channel noise, and wherein said pre- 
determined format is one which minimizes the 
effects of channel noise. 

25 4. The apparatus of Claim 3. wherein said software- 
configurable logic means includes a number of ele- 
ments, each performing a different nrodula- 
tion/demodulation function and means for 
interconnecting said elements to perform in accord- 
so ance with said configuration instructions. 

5. The apparatus of Claim 4, wfierein said elements 
are taken from the group consisting of arithmetic 
logic units, registers, fifo buffers, gates, finite 

35 impulse response filters and infinite impulse 
response filters. 

6. The apparatus of Claim 2, wherein said demodula- 
tor includes a software-configurable equalizer 

40 wherein said coupling means includes means for 
coupling said configuration I instructions to said 
equalizer 

7. The apparatus of Claim 2, wherein said parameter 
45 detecting an modulation format changing means 

includes. 

means for generating a control signal for spec- 
ifying modulation formats, each of said 
50 modems coupled to said control signal and pro- 

viding respectively nrodulation and demodula- 
tin in accordance with the format specified by 
said corrtrol signal: 

means for generating as an output different 
55 instructions for different modulation formats. 

said instructions including modulation format 
configuration data t>ased on the nxxlulation for- 
mat specified by said conti-ol signal; 
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a memory for storing said modulation format 
configuration data, said memory being coupled 
to an associated modem for supplying said 
configuration data thereto; and, 
means responsive to said control signal to s 
download said modulation format conf iguration 
data from said memory to configure the associ- 
ated modem for one of said different modula- 
tion formats in accordance with the associated 
stored configuration data. 10 
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